Representational difference analysis (RDA) was applied to isolate chromosomal markers in the rat. Four 
The laboratory rat, Rattus norvegicus, is widely used in many fields of biomedical research, such as carcinogenesis, neurological disease, diabetes (1) , hypertension (2) , and autoimmune diseases (3) . The rat's relatively large body size when compared with that of the mouse is one of its advantages; it allows the collection of larger tumors, which facilitates the detailed analyses of histology and genetic alterations. The rat's higher capacity for cognition and memory is another important feature and allows the clarification of brain functions (4, 5) . When we focus on these features, rat, as well as mouse, genome studies become very important.
However, genetic markers in the rat have been very sparse, and the genetic map presently available needs much improvement. Recently, two research groups reported (6, 7) on the presence of collections of simple sequence length polymorphism (SSLP) markers. However, the two series have not been integrated with each other and the total number of rat SSLP markers described so far is much smaller than for the mouse and man. This poses problems for fine chromosomal mapping.
Many interesting phenotypes, such as cancer susceptibilities, abnormal blood pressure levels, and enhanced capacity for learning, are measured as continuous variables, namely, quantitative traits, usually controlled by multiple genetic loci, called quantitative trait loci (QTL) (8) . To identify QTL, a large number of F1 backcross or F2 animals must be analyzed (9) . When genotyping is carried out using SSLP markers, DNA samples from these animals must be subjected to electrophoresis after PCR amplification. Thus, an increase in sample
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 Representational difference analysis (RDA) was developed to identify differences between two complex genomes (10) . It utilizes a subtractive hybridization method by using representations (amplicons) of the genomes that have a reduction in complexity. The representations are generated by a PCR-based size selection process applied to the restriction fragments of both genomes (10) . In this way, probes can be isolated for the detection of genetic lesions in cancer including rearrangements, amplifications, and losses (11) . Further, exogenous DNA sequences such as viruses (12, 13) In the present study, we isolated many polymorphic markers with high efficiency by RDA and constructed a rat chromosomal map by integrating these with other chromosomal markers. We also showed the usefulness of GDRDA in isolating specific markers in a defined chromosomal region. We further showed that the genotypes of a large number of samples, which are essential for QTL analysis, can be efficiently determined by using these markers with the dot blot method.
MATERIALS AND METHODS
RDA. RDA was performed as described by Lisitsyn et al. (10) . The (15) .
Linkage Mapping Using ACI/N 4 BUF/Nac F2 Rats. A total of 105 F2 rats were produced by crossing ACI/N (ACI) and BUF/Nac (BUF) (CLEA Japan, Osaka). DNA was extracted from their livers by the phenol and chloroform method as described (16) . Their genotypes were determined using SSLP (7, 17, Nomenclature. Loci defined by RDA were named in accordance with the rat nomenclature committee (20) . For (Fig. 2) , and 6 were not linked by the same criteria to any of the 23 linkage groups.
GDRDA. To overcome the paucity of chromosomal markers in the rat, we applied GDRDA. The region around the DINccl locus on chromosome 1 was targeted because there were only a few polymorphic markers between ACI and BUF (Ton, Kal, D1Nccl, C, Lsn; see Fig. 3A Upper) .
Two series of GDRDA were carried out; a tester amplicon was prepared from a BamHI digest of ACI DNA and two BamHI driver amplicons were prepared from two DNA pools of F2 rats selected according to their genotype. Fig. 3A shows the frequency of ACI-and BUF-type alleles around DlNccl. In the first series, the BUF genomic DNA allele frequencies were 100% at the Ton, DINccl, and C loci and 85% at the Lsn locus. In the second series, they were 100% at the DINccl locus and 70% at the C and Ton loci. A longer region of chromosome 1 around DINccl was targeted in the first series whereas only a region close to DINccl was targeted in the second series.
After three rounds of RDA, clear bands were visible after ethidium bromide staining in both the first and second series (Fig. 3B) (1996) first series and two of the three clones in the second series were proved to be polymorphic by Southern blot analysis of ACI and BUF genomic DNA. These four polymorphic clones were mapped using the 105 F2 mapping panel (Fig. 3A Upper) 
